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An experimental analysis of a plastic model four-cell
swept back wing is presented „ The model is cantilevered
with a massive root rib oriented 60° with the spars. Three
other ribs are located perpendicular to the spars. The
results were compared with results previously obtained from
tests performed on an aluminum alloy model of the same
structure. Spanwise stresses and Reflections compared very
well. Considerable error was observed in chordwise stresses
and shear stresses due to lack of joint duplication at the
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The problems associated with low aspect ratio, highly
swept-back wings of today's modern high speed aircraft
require extensive theoretical analyses and the use of costly
electronic computers. Often, the theories employed and the
associated assumptions made lead to large errors and uncer-
tainties which would require experimental verification.
This would usually require a full-scale prototype of the
wing to be constructed for structural analysis purposes.
The cost and time involved in the construction of a
full-scale model or even a scaled down model are often pro-
hibitive. This is especially true in modern wing structures
where milled cover skins and tapered spars and ribs are
employed. The Saab Aircraft Company of Sweden considered
the use of plastic models for their prototypes as early as
1953. Other investigations into the use of plastic struc-
2tural models began as early as 1943 in England. Many
errors were involved in these early analyses due to the
relatively unfamiliar mechanical properties of the plastics
and the methods of obtaining data. The results obtained
were favorable with theory, but very few comparisons were
made between the models and the actual structures being
duplicated.
The objective of this thesis effort was to construct
and analyze a plastic model of a four cell cantilever box
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beam with 30° sweep and to correlate the results with
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The objective of this thesis effort was to construct
and analyze a plastic model of a multi-spar, swept aircraft
wing„ The original selection was a scaled down model of the
Chance Vought F8U-3 wing currently under investigation in
the Aeronautical Structures Laboratory of the Naval
Postgraduate School. The wing consisted of seven spars
tapered in width and height, cambered cover plates tapered
in both the spanwise and chordwise directions, and three
ribs tapered in the chordwise direction. This model was
rejected mainly due to the complexity of fabrication with
no guaranteed results.
Being the initial project of this type undertaken at
the Naval Postgraduate School, a simpler model had to be
selected as the basic structure. The model selected was a
four cell model wing with 30° sweep, consisting of two
identical untapered cantilever beams joined together with a
relatively stiff root rib. Each cantilever was of constant
rectangular cross section with ribs oriented perpendicular
to the spars. The top and bottom cover plates extended
unbroken from tip to tip. It was constructed of 24ST alumi-
num alloy, and all components were joined with metal
structural adhesives. Adhesives were used rather than
metal fasteners to avoid stress concentrations, slip of the
joints, and other irregularities in the load distributions.
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A complete description and an experimental analysis of the
basic model are contained in Reference 4.
The root rib of the basic model was a solid aluminum
bar with cross section dimensions much greater than any of
the other components. This was taken into consideration in
the design of the plastic model with the prospect of con-
structing a half-span cantilever model. The relative size
of the root rib should limit rotation at the built-in end so
that deflections of the structure are affected very little.
Reference 5 describes an experiment performed on a
plastic cantilever model with similar root rib characteris-
tics. For a model with no sweep angle, a cubic proportion-
ality was shown between displacement under a force and the
distance of its point of application from the root rib.
This is an agreement with theory, with the exception of a
proportionality constant. The construction of a half-span
cantilever model appears to be justified.
Fabrication ;
Based on the above considerations, the decision was
made to construct a half-span cantilever model with dimen-
sions identical to those of the basic model, paying parti-
cular attention to the design of the built-in end.
Figures 1, 2, and 3 depict the planform, cross section,
and the rib and spar detail respectively. All dimensions
are the same as those of the basic model with the exception






















































average thickness of the cover plates was 0.118 and 0.115
inch for the upper and lower plates respectively. The
average thickness of the rib and spar webs was 0.062 inch.
The material used for constructing the model was methyl
methacrylate, an acrylic plastic often called "Plexiglas G.
"
Tests were performed on a small cantilever box beam con-
structed of the material to determine its mechanical proper-
ties. Appendix I describes the tests performed and the
results obtained.
A more accurate and thorough investigation of the mech-
anical properties is desirable including glued specimens
where solvent cements are employed. Previous experiments
have been conducted on other types of plexiglas glued-joint
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specimens. The effect was a lowering of the modulus of
elasticity by 5 per cent for small glue joints and up to
100 per cent for laminated glue joints. Reference 8
describes the effects of using solvent cements for strain
gage applications as well as for glue joints. Again the
results vary depending on the size of the glued area, the
type of cement, the materials, and the curing time allowed.
The adhesive used in constructing the model was methy-
lene chloride, a quick-drying solvent cement, employing the
"soak process." Glue joints were small in comparison to
other dimensions except in the area of the root rib. Ven-
tilation holes were provided in the ribs and some of the
spars to lower the effects of solvent penetration into the
areas surrounding the glue joints and to hasten the curing
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time. The root rib has a large overlap area with the cover
plates where the effect of the solvent could be pronounced.
The construction of the cantilever end is shown in
Figure 4. The root rib is a solid bar of acrylic plastic
1.50 inches wide and 2.37 5 inches high. The rib is mounted
on a one-half inch thick steel backing plate by means of six
one-half inch diameter bolts. Four screw plates, 2 x 2 x
1/8 inches are mounted on the inside of the rib to aid in
distributing the load. The entire structure was then
mounted on a massive upright steel girder to give further
stiffness to the built-in end.
Instrumentation :
Resistance type strain gages were located as shown in
Figure 5. Type FABR-12-12 strain gage rosettes were used at
section G, employing only the perpendicular elements in the
spar shear webs. All other gages are type FAER-25R-12S13L
strain gage rosettes. Only the upper cover plate was
instrumented due to the symmetry of the model. All gages
were mounted with cyanoacrylate cement (Eastman 910) , a
quick-drying cement that requires no curing process.
Foil type, 120 ohm strain gages were selected for the
model to minimize gage current effects and to aid in heat
dissipation. Large errors may occur due to the lack of
heat dissipation when gages are mounted on poor conductors
such as plastics. Gage, current also effects the time
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of these effects are minimized by employing foil type
gages. Reference 10 describes gage current effects on
plastic models and recommends the use of 120 ohm gages only.




PREVIOUS TESTS AND METHODS OF COMPARISON
The tests performed on the basic model are described in
Reference 4 and are summarized below.
The stress distribution was determined for two differ-
ent loading conditions. In the first condition, the loading
points were at the intersection of the tip rib and the front
and rear spars; and, in the second condition, at the inter-
section of the. rear spar and the tip rib only. See Figure 6.
The loads applied were 7 50 kgs for loading condition 1
and 680 kgs for loading condition 2. The mean values
obtained from three test runs were employed to determine the
stress distribution. These values were reduced to the unit
load case in the English system for comparison with values
obtained from tests performed on the plastic model. The
torsion loading case was obtained by subtracting the results
of loading condition 1 from those of loading condition 2.
Exact structural characteristics could be obtained from
the plastic model if it was a complete geometric duplication
of the basic model, and if the differences in the mechani-
cal properties are taken into consideration. Reference 6
lists the design equations to be used for structural simi-
larity. These equations are summarized in Appendix II.
Assuming complete geometric duplication, it is observed that
if bending deflections of the basic model are to be repro-






















a r&tio of the modulus of elasticity of the plastic to the
modulus of elasticity of the aluminum ( jj_ ,) . This is
shown in Equations (Il-la) and (II-2a) of Appendix II.
Equation (II-3a) implies that, if torsional deflections are
to be reproduced, the forces have to be reduced by a ratio
of the torsional rigidities. This, includes both Poisson's
Ratio and the modulus of elasticity of the materials.
For the cases under consideration, bending stresses,





(II-6a) , and (II-7a) imply that
the ratio of the stresses in the plastic model to those of
the basic model is equal to the ratio of the respective
loadings, assuming complete geometric duplication. Bending
deflections will vary inversely with /J. , .
All of the important dimensions of the basic model have
been reproduced in the plastic model with the exception
noted previously; therefore, geometric duplication can be
assumed. The results obtained from the tests on the plastic





Several theoretical analyses have already been per-
formed on the basic model under the same loading conditions.
It was analyzed first in Reference 3, employing the least-
work method. Reference 11 analyzes the trailing edge of the
same model in the vicinity of the root rib employing the
direct-stiffness method. Reference 12 contains a complete
stress-deflection analysis of the model employing the
matrix-force method. A theoretical analysis of the plastic
model would be useful due to the difference in Poisson's
Ratio; however, it was considered beyond the scope of this
report.
A torsional analysis at a cross section of the model
has been performed and is contained in Appendix III. This
method was also applied to check the accuracy of experi-
mental results. The shear stresses at stations C, D, and G
were converted to shear flows and substituted into Equation
(III-4) of Appendix III to obtain the internal torsional
moment. The results were compared to the applied external




The problems of strain variation due to creep of the
material and gage current effects have been mentioned pre-
viously. In order to keep the creep variations at a minimum
it was necessary that all of the strains be measured at the
same time. In this case the time chosen was ten minutes
after load application, to correspond to the modulus of
elasticity determined in Appendix I. To keep current
effects at a minimum, it was necessary to have the current
as low as possible for heat dissipation considerations and
also to have current flowing through all of the gages during
the test for temperature equilibrium considerations.
The test equipment for the analysis was selected to
meet the above requirements. A variable power supply was
employed to control the voltage and thus the current in the
gages. The voltage was set at two volts. All gages,
including the temperature compensating gages, were kept
under power during the entire test. It should be noted that
a decrease in current flow through a strain gage lowers the
sensitivity of the gage. This was compensated for by ampli-
fying the signal received from the gage by means of a
direct-current amplifier.
A voltage-to-frequency converter used in conjunction
with an electronic frequency counter was employed to convert
the amplified strain signal to a digital strain read-out.
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A ninety-nine channel scanner circuit with a balancing
potentiometer for each channel was used to switch from one
gage to another. A digital recorder was also provided which
stepped automatically between gages. The time between steps
could be controlled so that all gages were read within two
minutes. This minimizes variations in strain readings due
to material creep. Figure 7 shows the complete test setup
with the model loaded as in load condition 1.
Deflection measurements were taken at the intersection
of the ribs and outboard spars by means of mechanical dial
indicators. The deflection test setup is shown in Figure 8.
The dial indicators add small forces to the model at their
points of application; therefore, it was necessary to use
relatively large loads for the deflection tests.
Three test runs were made for each loading condition.
The load for each case was 36.08 pounds. This kept the
stress level below the 500 psi limit described in Appendix
I. The mean values of the three tests were used to deter-
mine the stresses and deflections.
It was necessary to make gage factor corrections and
gage cross -sensitivity corrections for all of the measured
strains before reducing the data to the desired stresses.
The method employed for data reduction is contained in
Appendix IV. A previously compiled computer program was
utilized for this purpose. The results were then reduced




torsion loading condition was obtained by subtracting the
results of loading condition 1 from those of loading condi-
tion 2.
The deflection measurements were also reduced to the
unit load case for comparison with the results of the basic
model. The deflections of the basic model had to be multi-




Tables I and II compare the experimental stresses of
the two models for a unit load under loading conditions 1
and 2 respectively. Table III compares the torsional
loading case.
A comparison of the spanwise bending stresses shows
that the plastic model has somewhat higher values than the
basic model with one exception. The exception occurs where
the values were obtained from a strain gage mounted on the
underside of the tension cover sheet. Gages were mounted
on both sides of the cover sheet at this station in order
to determine the bending stress distribution in the sheet;
however, the gage on the upper surface was damaged. The
lower values obtained on the underside of the cover sheet
were expected since the bending stress is proportional to
the distance from the neutral axis of the cross section.
The bending stresses near the rib root section had
errors ranging from +7 per cent at station Al to +26 per
cent at station A6 for loading condition 1, and 2.5 per cent
at station A8 to 21 per cent at station A6 for loading
condition 2. These gages are all located at 0.28 inch from
the rib root section. In this vicinity it is possible that
the solvent from the large glue joint of the center section
has affected the modulus of elasticity of the material.
Away from the root rib section, the spanwise bending
32
TABLE I
COMPARISON OF STRESSES IN EXTREME OUTER FIBRE OF TENSION
COVER PLATE FOR ONE POUND LOAD. LOADING CONDITION I.
REF. ov (fx r'xy
POINT (psi) (psi) (psi)
BASIC MODEL
Al 12.447 0.450 -0.651
A3 7.210 -0.561 -1.219
A4 6.823 0.471 -1.135
A6 5.127 0.090 -0.774
A8 4.127 -0.271 -0.168
C4 6.520 0.135 -1.019
C6 5.301 -0.174 -0.845
C8 4.630 -0.310 -0.438
D2 6.965 0.316 -0.890
D4 5.959 -0.290 -1.090
D6 5.114 0.019 -0.993






Al 13.339 3.832 -2.7 96
A3 8.250 2.113 -0.662
A4 7.558 1.461 -0.156
A6 6.500 0.626 -0.146
A8 4.905 0.211 -0.204
C4 6.256 1.181 -0.833
C6 5.868 0.832 -0.356
C8 4.902 0.129 -0.07 8
D2 7.763 0.194 -0.745
D4 6.142 0.492 -0.925
D6 5.556 0.471 -0.857
D8 5.115 0.196 -0.609
G2 4.209 -0.242 -0.161
G4 3.895 -0.361 -0.07 3
G6 3.699 -0.382 0.044
G8 3.646 -0.524 -0.351
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TABLE II
COMPARISON OF STRESSES IN EXTREME OUTER FIBRE OF TENSION
COVER PLATE FOR ONE POUND LOAD. LOADING CONDITION 2.
REF. cry C/x ' xy
POINT (psi) (psi) (psi)
BASIC MODEL
Al 13.220 -0.574 0.226
A3 7.397 -1.548 -0.671
A4 6.733 0.142 -0.516
A6 4.67 6 -0.097 -0.071
A8 3.502 -0.213 0.400
C4 6.372 0.200 -0.180
C6 4.837 -0.258 -0.161
C8 4.211 -0.026 0.271
D2 7.268 0.303 -0.123
D4 5.901 -0.123 -0.187
D6 5.082 -0.135






Al 13.894 2.497 -1.821
A3 8.398 1.229 -0.156
A4 7.311 0.668 0.370
A6 5.670 0.030 0.219
A8 3.591 -0.382 0.554
C4 6.117 0.886 -0.112
C6 5.623 0.57 6 0.351
C8 4.633 0.094 0.409
D2 7.837 0.142 -0.097
D4 6.110 0.372 -0.102
D6 5.362 0.384 -0.054
D8 4.848 0.095 0.049
G2 4.326 -0.467 0.555
G4 4.018 -0.463 0.779
G6 3.576 -0.281 0.895
G8 3.624 -0.545 0.311
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TABLE III
COMPARISON OF STRESSES IN EXTREME OUTER FIBRE OF TENSION
COVER PLATE FOR ONE POUND LOAD. TORSION LOADING.
REF. Cy Cx < xy
POINT (psiQ (psi) (psi)
BASIC MODEL
Al 0.773 -1.024 0.887
A3 0.187 -0.987 0.548
A4 -0.095 -0.329 0.619
A6 -0.451 -0 . 187 0.703
A8 -0.625 0.058 0.568
C4 -0.148 0.065 0.839
C6 -0.464 -0.084 0.684
C8 -0.419 0.284 0.709
D2 0.303 -0.013 0.7 67
D4 -0.058 0.167 0.903
D6 -0.032 -0.019 0.858








Al 0.510 -1.335 0.97 5
A3 0.148 -0.884 0.506
A4 -0.247 -0.7 93 0.526
A6 -0.830 -0.596 0.635
A8 -1.314 -0.593 0.758
C4 -0.139 -0.295 0.721
C6 -0.245 -0.256 0.707
C8 -0.269 -0.035 0.487
D2 0.074 -0.052 0.648
D4 -0.032 -0.120 0.823
D6 -0.194 -0.087 0.803
D8 -0.267 -0.101 0.658
G2 0.117 -0.225 0.716
G4 0.123 -0.102 0.825
G6 -0.093 0.101 0.851
G8 -0.022 -0.021 0.662
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stresses are all somewhat higher in the plastic model with
the average error being +7.6 per cent. This may be attri-
buted to a possible discrepancy in the determination of the
modulus of elasticity of the material and experimental
error.
A large discrepancy occurs in the comparison of chord-
wise axial stresses and shear stresses, especially near the
root rib. The differences are due to a combination of shear
lag, Poisson's strains, and rigidities of the built-in ends.
The chordwise stresses near the root rib in the plastic
model were considerably higher than those of the basic
model. An inspection of Figure 9 reveals chordwise stress
discontinuities in the basic model, not present in the
plastic model. This would indicate a lack of joint dupli-
cation between the two models. The effects of these dis-
continuities are fed back into the structure and are still
evident at section D. The shear distribution is affected
in much the same manner; hence, comparison is impossible.
Away from the root rib, the difference in Poisson's
strain has a noticeable effect on the chordwise stresses.
It can be shown that the magnitude of these stresses ±6
directly proportional to Poisson's Ratio and the spanwise
strain. Poisson's Ratio of the plastic is 0.384 compared
to 0.30 for the aluminum. Chordwise stress would, there-
fore, be higher in the plastic model.
Tables IV and V compare the principal stresses and the
principal axes for the two models. The maximum principal
36
O Load Condition I
A Load Condition 2
— Plastic Model
— Basic Model




STRESSES AT SECTION A
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TABLE IV
COMPARISON OF PRINCIPAL STRESSES LOADING CONDITION 1




Al 12.490 0.406 6.030 + 1.12
A3 7.420 -0.749 4.080 +8.67
A4 7.030 0.271 3.375 +9.87
A6 5.250 -0.026 2.539 + 8.55
A8 4.150 -0.277 2.220 + 2.20
C4 6.690 -0.026 3.360 +8.72
C6 5.440 -0.287 2.860 +8.60
C8 4.67 5 -0.348 2.515 + 5.00
D2 7.090 -0.594 3.450 +8.87
D4 6.150 -0.477 3.320 +9.26
D6 5.300 -0.016 2.725 +10.67
D8 4.920 -0.593 2.7 60 +7.14
PLASTIC MODEL
Al 14.100 3.071 5.515 +15.23
A3 8.321 2.043 3.139 + 6.09
A4 7.563 1.457 3.053 + 1.46
A6 6.521 0.622 2.951 + 2.83
A8 4.910 0.201 2.322 -6.83
C4 6.389 1.048 2.671 +9.09
C6 5.839 0.807 2.543 +4.02
C8 4.903 0.127 2.388 +0.94
D2 7.835 0.122 3.857 + 5.57
D4 6.290 0.345 2.937 +9.07
D6 5.697 0.331 2.683 +9.32
D8 5.190 0.122 2.534 +6.95
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TABLE V
COMPARISON OF PRINCIPAL STRESSES. LOADING CONDITION 2




Al 13.250 0.580 6.800 +0.50
A3 7.410 -1.445 4.520 +4.25
A4 6.7 80 0.103 3.340 +4.39
A6 4.670 -0.097 2.390 + 1.35
A8 3.550 -0.258 1.900 -6.38
C4 6.380 0.200 3.095 -1.78
C6 4.840 -0.254 2.560 -1.71
C8 4.225 -0.045 2.135 -3.84
D2 7.280 0.297 3.490 +0.88
D4 5.900 -0.129 3.015 + 2.08
D6 5.090 -0.013 2.555 + 1.50
D8 4.710 -0.129 2.415 -0.87
PLASTIC MODEL
Al 14.178 2.213 5.983 +8.86
A3 8.401 1.225 3.588 + 1.25
A4 7.331 0.647 3.342 -3.18
A6 5.67 2 0.023 2.7 87 -4.37
A8 3.764 -0.349 2.033 -1.97
C4 6.119 0.884 2.618 + 1.23
C6 5.647 0.553 2.547 -3.96
C8 4.669 0.057 2.306 -5.11
D2 7.838 0.141 3.849 +0.73
D4 6.112 0.371 2.871 + 1.02
D6 5.362 0.383 2.489 +0.62
D8 4.849 0.094 2.377 -0.59
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stresses in the plastic model are greater in all cases with
the exception of station C4 (The reason for the exception
has been previously noted.). The error parallels the error
in the spanwise stresses. The differences in the values of
the minimum principal stresses and the orientation of the
principal axes near the root rib tend to verify the dis-
continuities at section A. The decrease in maximum shear
stress and the increase in minimum stress away from the
root rib can be attributed to the difference in Poisson's
Ratio of the two materials.
Figures 10 and 11 compare the deflections for the two
loading cases. For loading condition 1, the deflections at
the rear spar were exactly equal to those of the basic
model. The deflections at the front spar were, on the
average, 10 per cent lower. For loading condition 2, the
deflections at the tip rib were less than 1 per cent dif-
ferent than those of the basic model. At the center rib
the deflections were 23 per cent and 43 per cent greater
in the plastic model for the front and rear spars respec-
tively. The differences here can be attributed to the
differences in torsional rigidities of the two materials.
There will also be some effect from the discontinuities men-
tioned above.
To check the accuracy of the above experimental
results, the shear flows at sections C, D, and G were
determined from the torsional loading case and substituted
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internal torsional moments at these sections. These moments
were compared to the externally applied torsional moment.
The error at section G, which is a considerable distance
from the rib root section, was -2.4 per cent. At section D
the error was -6.7 per cent, and at section C, which is
extremely close to the root rib at the trailing edge, the
error was only -14 per cent. The accuracy; appears to be
very good at section G where the assumptions of Appendix III
are valid. These assumptions are not valid at section C
because the section is not free to warp under torsion load-
ing. The assumptions applied at section D are marginal and





The objective of this thesis effort was to construct
and analyze a plastic model of a four -cell cantilever box
beam with 30° sweep, and to correlate the results with pre-
vious tests of the same model constructed of aluminum alloy.
The reason for the analysis was to investigate the feasi-
bility of employing plastic structural models for stress
and deflection tests in order to predict the structural
characteristics of an actual structure. In this case the
structure under consideration was a swept-back wing with
emphasis being placed on the analysis in the region near the
intersection of the root rib and the rear spar.
Based on results obtained, it is concluded that the
plastic model could be used to accomplish the desired re-
sults if extreme care is taken in the construction of the
model. The most important consideration is the duplication
of all joints. This is necessary if shear and transverse
stresses are to be compared.
Based on the results of the deflection tests, there
appeared to be no slippage of the glue joints. Some evi-
dence exists that the solvent glue may have affected the
modulus of elasticity in the vicinity of the root rib.
Large glue joints of this type should be avoided unless a
non-solvent type adhesive is employed.
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The deflections obtained agree very well with the
deflections of the basic model in roost cases. This would
tend to indicate that a half-span cantilever model could be
used in some cases. Usually, however, the root rib section
cannot be duplicated by a cantilever model, and a full-span
model should be used.
The strain readings varied up to t 5 per cent from the
mean values. The largest variations occurred at strain
levels below 100 micro-inches. For accurate results, all
tests should be run at the same temperature and a low
humidity. Strain gage current should be kept as low as
possible and yet maintain the sensitivity of the gage.
Poisson's Ratio of the plastic has a noticeable effect
on test results. The results are conservative for axial,
and bending stresses but are non-conservative for maximum
shear stresses. The effect would have to be taken into
consideration if accurate results are desired.
Other errors could be introduced into the structure by
inaccurate determination of the mechanical properties of the
plastic, variations in thickness of the plastic, pre-
stressing of joints, and methods of strain gage application.
These are some of the more important error producing con-
siderations .
The following recommendations are made for future
endeavors in this area.
1. Ensure duplication of all joints.
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2. Avoid the use of solvent-type adhesives for
large glue joints; and, allow adequate
ventilation and curing time for all solvent-
type glue joints.
3. Use full-span models whenever practicable.
4. Make all strain gage tests under controlled
atmospheric conditions.
5. Use 120 ohm foil type strain gages and main-
tain the gage current as low as possible,
preferably below 10 ma.
6. Consider Poisson's Ratio effect for the
different materials.
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APPENDIX I
DETERMINATION OF MECHANICAL PROPERTIES OF PLEXIGLAS
The model selected for determining the mechanical
properties was a single-cell cantilever box beam with glued
joints. The beam was twenty inches long, two inches wide,
and two inches in depth, with all sides constructed of 0.125
inch thick plexiglas. Transverse ribs were located every
two inches along the beam for stability purposes. The
plexiglas and adhesive used in this model are the same as
those used in the construction of the basic model of the
text. Single element type A-7 strain gages were cemented
on the upper and lower cover plates one inch from the built-
in end, and one FABR-12-12 strain gage rosette was located
three inches from the built-in end.
Loads were applied at the free end of the beam, and
strain measurements were obtained by the use of a Baldwin
SR-4 Strain Indicator, Type M. Several tests were made at
temperatures varying between 68° and 74° Fahrenheit with
negligible difference in all readings.
Figure 1-1 depicts the results obtained from the type
A-7 strain gages. Strain readings were taken three minutes
after load application to allow for the creep rate to be
minimized. The creep response for constant stress (Figure
1-2) was also obtained from the type A-7 strain gages. As
a result of this test it was decided that the stress level
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at higher stress levels and that strain readings should be
taken at ten minute intervals rather than three minutes.
The perpendicular elements of the FABR-12-12 strain
gage rosette were employed to determine the modulus of
elasticity and Poisson's Ratio. All measured strains were
corrected for transverse sensitivity of the gages. The
results are plotted in Figures 1-3 and 1-4 respectively.
The mechanical properties determined from the above tests
were:
E = 4.85 x 10 5 psi
/J. = 0.384 in/in
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DESIGN EQUATIONS FOR STRUCTURAL SIMILARITY
Discussion
A structural model is one that, although not neces-
sarily geometrically similar to its prototype, will faith-
fully reproduce, to some predetermined scale, the required
structural characteristics. These may be stresses, strains,
deflections, and/or combinations thereof. Design equations
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For complete geometric duplication,
E
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In a similar fashion it can be shown that the rela-
tionship between any physical quantities can be determined
in terms of the basic dimensional parameters.
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APPENDIX III






FIG. III-l SHEAR FLOW AT A TYPICAL CROSS SECTION.
Figure III-l above is a typical cross section of the
model under consideration. The following assumptions have
been made:
1. The section is allowed to warp under a tor-
sional deflection (no normal forces)
.
2. The section is far enough away from the rib
root so that sweep angle does not effect
the results.
3. The section is infinitely stiff in the chord-
wise direction (no bending in the chordwise
direction)
.
From assumption 3 above, the torsional deflections for
each of the cells are equal. Torsional deflection for a






Equating the deflections for each cell gives,
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where Sj_ is the total distance around cell i, and s-^j
is the height of the spar rib between cells i and j.
From the given dimensions of the section,
Bll = B22 = B 33 = B44 = 131 -°
Bl2 = B 2 i = B23 = B32 = B34 = B43 = 40.3
Substituting the above into equation (III-3) gives a set of
simultaneous linear equations in terms of shear flows:
Bllql - B 12q2
= B22q2 " B2lql " B23q3
B 22<l2 " B2l5l " B23q3
= B33q3 ~ B32q2 " B34q4
B33^3 ~ B32^2 " B34q4
= B44q4 " B43^3
Bllqi "
B 12q2
= B44^4 " B43q3
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Solving the above equations gives,
*l = q4




= l ' 31 qi
The internal torsional moment is given by,
I 2A^iT = ) ,q. (III-4)
where i is the cell number. Therefore,
T = 2A(q1 + q2 + q3 + q4 )
= 2A(q
x
+ 1.31 qx + 1.31 q + q ]_)
T = (2) (2.5) (2.95) (4.62) qx = 68.0 qx
Equating the above results to the applied external torsional
moment gives,
(11.8) § = 68.0 q
q-, = 0.0868 P
q2 = 0.1140 P
qi2
= q23 = q2 " qi
= °- 0272 P
q23
= q2 " q3
= °
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Dividing the shear flows by the corresponding panel thick-
nesses gives the following shear stress distribution:
On the outer cover plate panels,
Txy = 0.735 P psi,
On the inner cover plate panels,
f = 0.966 P psi.
On the outer spar web panels,
T = 1.400 P psi,
'xy
On the next inboard spar web panels,
Txy = 0.440 P psi.
The shear stress on the center spar web panel is zero,
The above results are completely theoretical based on
the given assumptions. To check the experimental results,
substitute the measured shear flows into equation (III-4)




DETERMINATION OF PRINCIPAL STRESSES AND
PRINCIPAL AXES ORIENTATION
The three-element rectangular rosette employs gages
placed at the 0°, 45° , and 90° positions, as indicated in
Figure IV-1.
FIG. IV-1 ROSETTE ORIENTATION
For this particular rosette the following relations hold if
the 0° and 90° elements coincide with the x and y
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fxy ~ 2e 2 " e i
This establishes the cartesian components of strain which
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tan 2 = 7xy
e - e
xx yy
where ea and e-^ are the principal strains and 9 is
the angle between the principal axis and the x axis. The
above equation for determining the angle Q has two solu-
tions. The principal axes may be identified by applying
the following rules:
0°^ 9 «= 90° when e 2 =» 1/2^ + e 3 )
-90° < 9
9=0°
9 = + 90°
,o
when &2 "= 1/2 (e + e.,)
when e, =» e^ and ej_ =
when e-^ < e and e, =
These are the relationships used to reduce the data for this
analysis with the exception of re-orientation of the e-^ and
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